The proliferation of service delivery protests in South Africa, as regularly seen in the media, makes it necessary to explore the underlying relationship between the level of services delivered by local municipalities and the number of protests in the country. Can the relationship be used by policy-makers to minimise the number of protests? This paper is exploratory given data challenges, and uses principal component regression to assess the relationship between protests and available service delivery data at local municipality level. The paper finds that, to minimise the number of protests, local municipalities need to further increase the provision of basic services (e.g. housing, electricity, sewerage and sanitation, refuse removal, the number of schools, nurseries, crèches and hospitals) particularly in high population density areas. With regard to water services, focus should be placed more on actual water supply to communities rather than on the number of water accounts registered with municipalities.
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PUBLIC INTEREST STATEMENT
The increase in service delivery protests in South African local municipalities, as regularly seen in the media, makes it necessary for policy-makers to know the underlying behaviour between basic services and protests. The paper looks at protests throughout South Africa's 234 local municipalities. It isolates only those protests that were attributed to service delivery. The paper then contrast the number of identified protests with what local authorities have delivered on housing, water, electricity, sewerage, sanitation and refuse removal. Despite some challenges with available statistics, the paper establishes that protests generally occur in crowded local municipalities (mostly metropolitan municipalities) and in municipalities that experience decreases in the provision of basic services. To resolve most service delivery protests, the findings suggest more resources be channelled toward crowded areas with signs of decreases in the provision of basic services.
Introduction
The proliferation of service delivery protests in South African local municipalities, as regularly seen in the media, make it necessary to explore the underlying relationship between the level of services delivered by local municipalities and the number of protests in the country. Can the relationship be used by policy-makers to minimise the number of protests? This paper looks at the relationship between protests and available service delivery data, e.g. housing, water, electricity, sewerage and sanitation, and refuse removal at local municipality (including metropolitan areas) level. The objective is to assist policy-makers anticipate the occurrence of service delivery based protests, and enhance overall proactive efforts in averting protests.
The paper uses principal component regression to: (a) explore possible underlying components (i.e. combinations of variables) that possibly account for service delivery protests at local municipality level, and (b) to resolve problems of collinearity that pervade service delivery data, i.e. multicollinearity. The relationship between the underlying core components and the number of protests is then assessed to conclude on pertinent forecasting properties. This paper is an exploration given challenges with available data. Firstly, there is a general lack of usable basic services data collected at lower geographical levels than local municipalities. For instance, one local municipality like the City of Johannesburg Metropolitan area has some 130 Wards were protest might take place, but available service delivery data is at local municipality level. The study is thus limited to aggregated basic services data at local municipality level released annually by Statistics South Africa. Secondly, Statistics South Africa releases local municipality population estimates only once every 5 years through Censuses and Community Surveys. There are no regular, official, annual population estimates at local municipality level. Thus simulated annual local municipality population sizes (i.e. for non-Census or Community Survey years), using Statistics South Africa's highly aggregated annual mid-year population estimates, are drawn from Morudu (2015) .
Thirdly, the South African Police Services' Incident Registration Information System (IRIS), potentially a very useful source of data on the number of protests in the country, does not employ useful classification and reporting systems. That is, it conflates various types of protests and hence grossly misleads. In the absence of other authoritative sources of protest data, this study compiled the number of service delivery protests from all media reports captured in the world wide website. Despite potential news media coverage biases, the resulting protest numbers are found to be roughly consistent with those compiled by the Social Change Unit (University of Johannesburg), the Institute for Security Studies, and Municipal IQ (Alexander, Runciman, & Maruping, 2015; Lancaster, 2016) .
Irrespective of the data challenges, the results (presented in Section 5) provide some useful insights on the relationship between protests and basic services. Section 2 sketches the nature of the problem in more detail. Section 3 explores discussions in the literature on the contribution of basic services to protests. Section 4 outlines the approach adopted in this paper. The results are presented in Section 5, while conclusions and recommendations are presented in Sections 6 and 7 respectively.
The problem and its parameters
The problem entails capturing the quantitative role of basic service delivery in stirring protests in South African local municipalities. The objective is not only to quantify the role of basic services in invoking protests, but to develop a possible mechanism through which policy makers can quantitatively assess and prospectively avert protests.
The paper treats protests as the dependent variable. That is, service deliver protests arise due to changes in a number of service delivery indicators. The independent variables, e.g. service delivery variables, that are seen to account for the occurrence of protests are regarded as follows. Firstly, the population size in local municipalities is included in the study as an independent variable mainly because service delivery protests tend to be more frequent in densely populated municipalities (e.g. metropolitan areas) and least frequent in sparsely populated municipalities.
Secondly, protests are understood to be linked to an inadequate provision of basic services at local municipality level. Basic services in this paper are captured through statistics collected from local municipality accounts on water, electricity, sewerage, sanitation and refuse removal. Expenditures on new construction works by local municipalities in water, electricity, sewerage, sanitation and refuse removal, as an expression of local municipality efforts to expand on basic services, are also included as independent variables. In general, one would expect more protests in areas where there are severe shortages of one or more of the basic services water, electricity, sewerage, sanitation and refuse removal.
Thirdly, although local municipalities are not mandated with the provision of housing, housing has generally been interpreted as a basic service at least since the adoption of the Reconstruction and Development Programme in 1994. Protests tend to be more frequent in areas where there are severe housing shortages. Due to data limitations, this paper incorporates formal housing as a whole, provided mostly through the private sector but including the most basic housing (i.e. called RDP houses) provided by national government. Available data provides residential buildings certified as complete and ready for occupation by local authorities, and also provides certified extensions to residential buildings that are completed in the year.
Lastly and guided by available data, the provision of communal utilities such as schools, crèches, hospitals, churches, sport and recreation facilities are included as independent variables. The category also includes expenditures by local municipalities on new construction works of roads, streets and bridges. It is envisaged that lack of communal facilities increases the likelihood of protest.
The challenge is to assess which of the available independent variables are significant, which are insignificant, and whether useful relationships with protests can be established to guide policy in tackling protests. Section 3 follows with a review of the literature on the relationship between protests and basic service delivery.
Literature review and data issues
There has been very little quantitative research on the relationship between service delivery and protest in South Africa. Most studies on South Africa have tended to provide more qualitative insights on the relationship between basic service delivery and protest. They provide useful insights on the environment under which policy-makers operate.
One category of the qualitative studies identifies a number of service delivery obstacles (e.g. cumbersome legislative environment, weak intergovernmental fiscal relations, low managerial capacity in municipalities, poor public participation in development forums, political infighting, migration, corruption, a culture of rates boycott) that account for poor service delivery and the proliferation of service delivery protests (e.g. Asendorpf, 2000; Shaidi, 2013; Twala, 2014) . Such obstacles do indeed have to be addressed to facilitate quicker service delivery and a reduction of service delivery protests.
Another category of available qualitative research presents the overall transition from Apartheid to democracy as being shallow. From independence in 1994, more concrete transition benefits took place between capital and the new elite, largely side-lined the poor, and invoked the resurgence of resistance from the poor manifest through service delivery protests (e.g. Alexander, 2010; Bond, 2006; Madlingozi, 2007; Naidoo, 2007; Siwisa, 2008) . A much deeper transition, through a more thorough realignment of resources towards the poor, would have averted most service delivery strikes.
Perhaps due to data challenges, quantitative research on the problem is limited. Empowerdex, an economic empowerment rating agency (Empowerdex, 2009 ), presents quantitative research on basic services (viz. housing, water, electricity, sanitation and refuse removal) that are actually provided by local municipalities (i.e. current status index), improvements made over time (i.e. improvement index) and an overall score based on Census 2001 and Community Survey 2007 data. Due to lack of usable protest data, the study simply ranks local municipalities based on performance indices. It would be difficult for the study to explain why most service delivery protests occur in metropolitan areas where overall service delivery indices are high, e.g. City of Cape Town (73.4) and City of Johannesburg (70.8) (Empowerdex, 2009, p. 21) . There are least service delivery protests in some of the local municipalities with the least overall indices, like Msinga local municipality (18.55) (Empowerdex, 2009, p. 5) .
By introducing statistically useful protest data, this paper makes it possible to quantitatively explore a more explicit relationship between protests and service delivery. The paper is aimed more at guiding policy formulation quantitatively under the institutional environment discussed in the outlined qualitative studies. The paper adds more insights on currently available quantitative research through use of principal components regression, outlined in Section 4.
Approach
The study adopts principal components regression, illustrated in detail in Fekedulegn, Colbert, Hicks, and Schuckers (2002) , as a useful approach to identify possible components that relate the provision of basic services to resultant protests. Principal components regression as an approach, typically enables an assessment of the effects of a large number of possible independent variables by reducing them into fewer more comprehensible components (i.e. combination of variables) and usable results. Significantly, the reduction into components (or usable variables) is done without undermining the statistical properties of the entire set of variables.
For an outline of principal components regression, consider a typical multiple regression equation of the form:
where:
with the number of protests (i.e. the dependent variable) in matrix y for each local municipality 1 to n; p independent variables in matrix X (i.e. different basic services x 1 , x 2 , … x n ) for each of the n local municipalities; and matrix β with coefficients β 1 , β 2 , …, β p that are to be estimated for respective basic services. The error term matrix ε, with error terms for each local municipality i, is normally distributed with a zero mean and a constant variance, i.e. i ∼ N(0, 2 ).
Ordinary least squares estimates of β (denoted ̂) are provided by:
and the variance-covariance matrix of ̂ is depicted as:
The observations in matrices X and y can be standardised through:
(1) where Ẋ ij denotes each standardised observation in column i and row j of matrix X; X i is the mean of column i; and s xi is the standard deviation of observations in column i. The y matrix is similarly standardised. Standardisation retains the essential properties of Equation (1).
For the development of principal components (see Fekedulegn et al., 2002, pp. 3-8) , note that X′X in Equation (2) is the correlation matrix among the different types of basic services. Find eigenvalues (λ 1 , λ 2 , …, λ p ) through the determinant:
where I is an identity matrix. Each eigenvalue λ i is associated with an eigenvector v i that satisfies the equation:
The vectors v i = (v 1j , v 2j , …, v pj )′ provide normalised eigenvectors such that v i ′v i = 1 and v i ′v j ≠ 1 for all i ≠ j. The eigenvector matrix V is orthogonal and normal with VV′ = I. Equation (1) can thus be written as y = XVV′β + ε, or y = XZαβ + ε when Z = XV and α = V′β. The matrix Z consists of uncorrelated principal components z 1 , z 2 , …, z p with z 1 accounting for the largest variance, z 2 accounting for the second largest variance in the remainder of the total variance, and so on. The matrix α provides pertinent coefficients, viz:
The matrix Z retains the same statistical information as the standardised X matrix though the data are reconstituted into uncorrelated variables. Even more remarkable, the statistical information is retained even when less useful principal components are discarded. That is, one can discard principal components with: (a) the least eigenvalues, (b) with eigenvalues less than 1, or (c) the least tvalues. The approach adopted in this paper entails discarding principal components with the least t-values. The results of ̂ in Equation (7), after discarding insignificant principal components, are then scaled back to the original values of basic services variables.
Data issues
This paper is an exploration given challenges with available data. There is a general lack of usable data defined at lower geographical levels than local municipalities. The study is thus limited to aggregated basic service indicators compiled and annually released by Statistics South Africa at local municipality level.
Data on basic services for local municipalities, i.e. supplies in water, electricity, refuse removal, sewerage and sanitation services, is drawn from the 2013 Non-Financial Census of Municipalities (P9115) (Statistics South Africa, 2014a). The annual census provides the total number of consumer units (e.g. household units, household blocks as in flats) registered by local municipalities in their accounts for water, electricity, refuse removal, sewerage and sanitation. A major limitation of using the number of accounts registered by local municipalities is that there might, in some instances, not be actual service delivery in households as may occur with prolonged electricity blackouts or water supply closures.
Residential building data (which includes government sponsored residential units) and communal buildings (e.g. schools, hospitals, churches) data is drawn from the 2013 Selected Building Statistics of the Private Sector as Reported by Local Government Institutions (P5041.1) (Statistics South Africa, 2014c). The selected data refer to new formal buildings that have been officially declared as
completed in the year by local municipality authorities. The population census provides more detailed categories of residential buildings, including informal dwellings where much service protest takes place, but the population census occurs only once in ten years. The annual General Household Survey, which also offers detailed household categories, provides highly aggregated national and provincial estimates that are inadequate for the study.
Expenditure on new construction works by local municipalities in residential buildings, water, electricity, sewerage, sanitation, refuse land sites, community assets, roads, streets and bridges is drawn from Capital Expenditure by the Public Sector (P9101) (Statistics South Africa, 2014b) . Population estimates at local municipality level, deduced from the Mid-year Population Estimates (P0302) (Statistics South Africa, 2014d), are drawn from Morudu (2015) .
There is no usable official data on protests. The paper generated South African protest data, strictly those associated with the provision of basic services (i.e. housing, water supply, electricity supply, refuse removal, sewerage and sanitation), from all media reports in the worldwide web. The data provides estimates similar to those cited elsewhere (Alexander et al., 2015; Lancaster, 2016; Municipal IQ, n.d.) . It excludes protests based on other factors like health, education, security, employment, transport, demarcation, political representation, corruption, xenophobia and witch-hunts. Out of a sample of 67 recorded service delivery protests in 2013, the majority took place in provinces Gauteng (28), Western Cape (12), Eastern Cape (11) and Kwa Zulu-Natal (10).
Of all the annual independent variables considered in this study, none has a usable stable time series. That is, the forecasting of protests cannot be based on time series (e.g. from today to tomorrow) as would have been desired, but on where it happens most. Thus the study focuses on 2013 cross-sectional data, a year following major improvement in the reporting of basic services data, and a year where all surveys used in this study had published. In total, the study has one dependent variable (i.e. protests) and 16 independent variables. Table 1 presents all the selected variables and their respective summary statistics. Section 5 presents the main results of this study. 
Results
Table 2 presents the correlation matrix (i.e. matrix X′X) and reveals some broad patterns. There are very high correlations among basic services water (WS2013), electricity (ES2013), solid waste (SWS2013), sewerage and sanitation (SSS2013). There are also very high correlations among all the selected buildings. Basic service variables and building variables are in turn highly correlated with population size, an aspect that highlights the significance of population size on both sets of indicators.
There are generally weak correlations among expenditure variables on new construction works by local governments, probably an indication of unsynchronised expenditure patterns. A few expenditures have relatively strong correlations, viz. (a) residential buildings (ENCWRB2013) with community assets (ENCWCA2013); (b) sewerage and sanitation (ENCWSS2013) with roads streets and bridges (ENCWRSB2013), water (ENCWW2013) and electricity (ENCWE2013); and (c) community assets (ENCWCA2013) with electricity (ENCWE2013), sewerage and sanitation (ENCWSS2013).
Protests are most correlated with population size (Pop2013), water supply (WS2013), electricity supply (ES2013), sewerage and sanitation (SSS2013), solid waste (SWS2013), residential buildings completed (RBC2013) and additions to residential buildings (ARBC2013) among others. They are least correlated with expenditure in new construction works of residential buildings (ENCWRB2013), refuse land sites (ENCWRLS2013), roads, streets and bridges (ENCWRBS2013).
The eigenvalues of the correlation matrix are presented in Table 3 . The first three principal components, i.e. those with an eigenvalue of 1 or greater, account for 83.05 per cent of the total variation (Figure 1 presents a Scee Plot of the eigenvalues). Subsequent principal components could be discarded or included for analysis depending on their usefulness. Table 4 presents eigenvectors of all 16 principal components.
The initial set of regression results on the 16 principal components are presented in Table 5 . Using t-statistic values to select the number of useful components, all components with |t| < 2 are discarded and the process culminates into Table 6 with 8 statistically significant and standardised service delivery protest variables. As expected, protests are negatively related to the number of consumer units supplied with electricity (ES2013), sewerage and sanitation services (SSS2013), the number of schools, nurseries, crèches and hospitals completed (SNCHC2013), expenditure on new construction works of residential buildings (ENCWRB2013) and electricity (ENCWE2013). For instance, an increase in the number of consumer units supplied with electricity is expected to decrease the likelihood of protests. Protests are most sensitive to sewerage and sanitation services (SSS2013) with a coefficient of −2.008 while protests are least responsive to expenditure on new construction works in residential building with a coefficient of −0.261. Also as expected, protests are positively related with population size (Pop2013) and additions to residential buildings completed (ARBC2013). That is, the higher the population size, the higher the likelihood of protest. Further, an increase of completed extensions in residential buildings (particularly in crowded areas) is an indicator of potential protest. Extensions completed on residential buildings, suggesting overcrowding, account for a high responsiveness to protests with a coefficient of 0.915.
The positive relationship between protest and the number of consumer units connected to water supply (WS2013) is least expected. It may suggest the number of registered consumer units at local municipalities does not necessarily translate into actual water supply. For instance, in Letlhabile consumer units (like households) that were duly registered in the local municipality's accounts engaged in protest due to protracted unavailability of water. (Protests2013)) emanating from protests registered in 2013 (Protests2013). All major protests areas (Johannesburg, Ethekwini and Cape Town) could be adequately predicted. There would have been an insignificant number of upward misses as in Mbombela and Bushbuckridge where more protests were predicted than registered, and underestimates in places like Matlosana and Cedeberg. More robust estimation could however be developed through use of time series data, if it were available. 
Conclusions
Given the increasing number of protests in the country as a challenge, this study sought to quantitatively explore the relationship between the number of protests and basic services that are provided at local municipality level in an effort to explore possible policy actions towards the reduction of protests. The study highlighted a gap in currently available literature, viz. (a) most research (whilst useful) has been qualitative rather than quantitative; and (b) quantitative research has been limited in terms of policy formulation due to lack of useful protest data.
Despite major data challenges, the study looked at all usable data on basic services and protests, and used principal components regression as a reduction technique aimed at capturing a few useful components/variables that policy-makers can focus on in minimising service delivery protests. The study yields useful results on the relationship between protests and basic services. Mainly that protests tend to increase with declining provisions of basic services like housing, electricity, sewerage and sanitation, refuse removal, schools and hospitals. That is, local municipalities need to largely accelerate on the provision of basic services so as to minimise on the occurrence of protests.
The reduction of service delivery protests is however not limited to the quantitative findings of this study. The environment under which policy-making takes place, as suggested in the immense qualitative literature on South African protests, needs to undergo significant changes.
The study offer some key policy recommendations in Section 7 both in terms of what needs to be done for the reduction of protests, and for improvements on South African data. The final scope of the paper, its results and predictive abilities can indeed be greatly enhanced through significant improvements in data.
Recommendations
To alleviate service delivery protests, the findings suggest more needs to be done in increasing the rate of providing electricity, sewerage and sanitation, the number of schools, nurseries, crèches and hospitals. Expenditures on new construction works in residential buildings and electricity infrastructure also need to be accelerated to significantly contribute towards reducing the number of service delivery protests. These findings and recommendation bear some consistence with conclusions reached in qualitative studies that call for a more thorough realignment of resources towards the poor (e.g. Alexander, 2010; Bond, 2006; Madlingozi, 2007; Naidoo, 2007; Siwisa, 2008) . Further, protests occur more in crowded areas. It is untenable to engage in programs of decreasing population sizes (e.g. as witnessed under Apartheid's influx control measures). Thus, it would be most beneficial to further intensify the provision of basic services (i.e. housing, water, electricity, sanitation, refuse removal and communal facilities) with modern proxemics in highly populated areas.
The results of the study suggest some challenges with currently available data. In particular, the behaviour of water services with regard to protests imply that more attention needs to be accorded to the actual provision of water in communities than the number of connections or accounts registered in local municipalities. That is, the provision of water infrastructure is necessary but not sufficient. Alternate, more useful data sources than municipal accounts need to be developed for water, and possibly other basic services.
Other important data issues also need to be addressed. Most service delivery protests occur at geographical levels that are lower than local municipality boundaries. It would be more beneficial for policy-makers that Statistics South Africa collect service delivery data (e.g. housing, water, electricity, sanitation and refuse removal) at levels lower than municipal boundaries. Aggregated data at municipal boundary levels limits much richer analysis. For instance, raw data suggests most service delivery protests occur in informal settlements around established cities.
Further, and more significantly, it would be useful to generate/collect more frequent data (e.g. quarterly or monthly depending on budgets) on basic services and protests. Time series data, unlike the cross-sectional data used in this study, would enable more forward looking forecasting and promote more proactive policy interventions on anticipated protests.
For the development of official, reliable protest data, a more useful classification system needs be invoked with the South African Police Service in its IRIS. There is currently no other authoritative source of protests in the country. Given the proliferation of service delivery protests, policy formulation cannot be limited to data gathered from media reports.
